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Design and Experiment of Herringbone Type Rotary Blade Roller
for Burying Stubble in Paddy Field and Dry Land

ZHU Yinghao'? ZHANG Jumin'?® ZENG Rong'® ZHANG Wenliang'> YANG Quanjun'’® XIA Junfang'
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangtze River, Ministry of Agriculture and
Rural Affairs, Wuhan 430070, China)

Abstract. In order to deal with the problems of straw returning and soil tillage in multiple cropping rice
regions of paddy-upland rotation in mid-lower Yangtize River, and reduce the power consumption and
axial force of the existing interlaced-type rotary blade roller, a research about arrangement and structure
parameters of the helical blades in combined cutter roller was conducted. Based on the theoretical
analysis of the axial force of cutter roller, two arrangements for balancing axial forces were proposed and
verified by discrete element software. The simulation results showed that the axial load stability and
cutting resistance of herringbone arrangement were better than that of serrated and interlaced type. Based
on the principle of herringbone type arrangement, the rotary blades ware rearranged and the supporting
cutter plate was designed. In order to further reduce the power consumption of the cutter roller, the
mathematical model of cutting soil with helical blades was established. Based on the mathematical model,
the influence of installation angle and blade width on cutting resistance and straw burying effect was
analyzed, and the optimization of the installation angle and blade width was carried out accordingly. Field
tests were carried out to verify the applicability and drag reduction effect of the optimized cutter roller.
The testing results showed that the optimized cutter roller was suitable for straw returning and soil tillage
for most paddy fields, and the average tillage depth was 18. 10 cm, the stability of the tillage depth was
92.75% , the smoothness after tillage was 2. 00 cm, and the straw buried rate was 92. 60% , which can

all meet the design requirements. The results also showed that without reducing the straw buried rate, the
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power saving range of the herringbone-type rotary blade roller was 0.34% ~17.01% compared with the

interlaced-type rotary blade roller,and the power saving range of the blade roller assembling helical blades
with 50° installation angle was 6.81% ~ 16.46% compared with helical blades with 35° installation

angle, which verified that the proposed blade roller can achieve the aim of optimization. The research

result provided new technical equipment for the direct full amount of straw returning to the field.

Key words: multiple cropping rice regions; straw return; herringbone type cutter roller; helical blades
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Fig. 1  Sketches of arrangement mode of helical blades
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Fig.2  Simulation model
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Fig.3 Schematics of loading comparison of different arrangement helical blades under different soil models
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Fig.4  Structural schematic of cutter head
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W2 BRI IR AR M R B P IS R TR R
TR T 7 29 (8, §5 FF & 965 ¢/m”, {H 31 3 ALK
90.25% ,ix 5 HIES KRG B RR . BTN
W7 B A o AR R S IR S R R T
7 LR Sk BE AT Sl Rk B ) A+ 500K 7] R 32 3, 8 2 58
M E - 8 2 () R 8201 1 9 R i 0, 5 0 B o
—5, RE2F M, AL H 4 5 RS RS KR
M BTN TH TS, BTz 26
(R 7K A3 T, EE R A BE 0 85 K, B R A X 3, B
R ZE, NI MERE ,25.03% &
K A R B A 5 R B P, SRR AR K A7 A
K IRPETE AR AN 235 5 W 54 e, B 0 i o
PRLZ 3, R YT 5 T 53 8 0 SR T ik, 7E
B0 I RE 2ET] B VR TR 3 fig 4 T R ik +
JRARM . BTN BRI ASRE S )
M VL BE 2%, T S M A R WP o R X RS
TR T, R M R B AR K
3.2 fRAmIERIE
3.2.1 WA MFSITE

WA TR A AR 45 R, 2017 4E 12 A $E4T S TR
T T TR HES) J7 3K B MR T T 2 A 0
55, 3 R A WL 4. R0 B O R 4 K
12 h, I8 S2JE g 642 kPa, & /KRN 51.75% , RIRE
JE R 1.70 g/cm’ | H [a] y Wa R S AT, 55 54. 4 em  FE FF
o 1420 g/m” 45 J] R 0R 5 4 B8 1E R 220 em, fif
R U158k 35 mm (¥ SR JE R T, ML B AR 7 41 1X954
RS A LUK B, i R 3 £, i b e s Bl
540,630,720 r/min 3 Ff T.00 , dE3 4 Fh T4, GH0 T
DL I A 3 R, B IRAT R 20 m, B AN IS fR

5 18 em MBFAAZE IR B INE 9 FroR .
F4 RUEMRBERAF

Tab.4 Testing factors and levels of optimized

test experiment

i3S
KO MR TR HES WETE A U] 4 %
(remin~") Vi f1/(°)
1 540 NFR 35
2 630 it 50

3 720

B9 MK
Fig.9 Field test site

o TR PR 5 — B MHERCR 1 22 7 R A
BLE, 7K B I ) 70 30 45 00 AN [] i 1 o B ) 22
SR 220 TR T W 4 A BT HE 1 L A O DL RS AR B
KR AE T 5 AR AR B OG0 I 8 L RIOR S I FE ok
T4 Ud W D SR AL 5, 8BRS FF 3L 58 R0 )RR R A
W35 H $E47 55 UE , 2 % i 2l 48 5% A o AR A (Jb
I LRSI 45 R A BR A R e I Y 0 ~
4 000 r/min ; FHEE G E 0 ~3 000 N-m) Il &, 2
TR B S5 RS REVR )G A E TR,
3.2.2 AR50

5 T Bk H ) a5 45 R, AR A
BACRRE A 2 515 4 5 JT 5 I R
AN J2E 90% (1A L, It P AR e A J] 22 %< f ¥4 35°, &
THAAETT 35° 22 B £ TT AR A T S 28 89.67%
1M 50°HYH 91. 08% , JJ B — 7 I 42 2% £ /Nl 4
JERRR S RSO N T LR B I AR A AT RE
Sk e B O, KPR 8 K R ECR &
TIOVEI 5 PR SRR R I — 2 AR R AL, M
RN 25 MR E R T 2l B R S Wk a] L Je K 25 A B )
T ), B DLW R M e A T S Bl 1 B AN = B AR
ZEAK R 09 = 2207 A 02 8, 35° 2 2%
e S0 3 fAEFHVERT 70 O 47 15°, Bk R F
FFEF 35022 25 ffy WRTHE A T) ) 10 6 R A1 19 DI B3R A
i 50°, JI % S Bl A A U)W 0 RS AT R T 1A
L0 MR T B B ) A R

A TI R ) DR £ R, A 4 h B S e 4R
THES, IFEA TG HEBE 50° 22 5 1 MR e A T 1
N FHRTJR G G5 R T RAR T 76 3 DM LI



56 & ol HLOM ¥ R

2019 4

x5 TIEMEABEIESR

Tab.S5 Measurement results of comparative tests
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